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ABSTRACT 
 
Roads and Maritime Services (RMS) manages approximately 18,000 km’s worth of state 
controlled roads which comprise of both flexible and rigid pavements. RMS Maintenance 
business units across New South Wales strive to achieve sustainable pavements which 
meet the needs of their customers. For flexible pavements this is commonly achieved 
through lime stabilisation. Mixing lime with existing road pavements is a stabilisation 
technique which has been used to improve the design life of pavements whilst reducing 
the maintenance frequency and associated costs with maintaining a deteriorating asset. 
Lime stabilisation is used as part of Regional Maintenance Delivery (RMD) Mid North 
Coast’s (MNC) heavy patching program which is aimed at modifying the existing base 
layer pavements by incorporating new materials into the road pavements whilst still 
utilising the existing road formation. This leads to improved plasticity, drying the 
material and achieving stronger pavements in terms of compressive strengths, hence 
reducing maintenance associated costs. 
The main issue the MNC district has with lime stabilisation is the varying material 
properties that are gained from construction from significantly different pavement 
designs. Due to this, the research will investigate the ways in which lime reacts with 
locally sourced gravel at different percentages of lime. 
Unconfined compressive strengths (UCS’s) are the most common method for determining 
the strength of a cementitious bound material and for this reason UCS’s have been used 
to compare strengths throughout this investigation. The research has confirmed that 
compressive strengths increase with the addition of lime to locally sourced gravel. 
Strengths of up to 6.35 MPa have been recorded when 9% lime has been added, however 
these high percentages potentially introduce other unwanted factors such as cracking and 
lime leaching. Optimum lime contents between 3-5% have been found to be the most 
successful which decrease the chances of introducing unwanted side effects whilst still 
achieving UCS’s of 3.9 to 5.5 MPa. 
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CHAPTER 1  
 
INTRODUCTION 
 
 
1.1 Background 
 
Lime has been used in road pavements for thousands of years, dating back to the first known 
use of hydraulic cement by the Romans in 120 B.C where they converted limestone to 
quicklime (Calcium Oxide, CaO) to use as an additive for road pavements (Pavement 
Interactive, 2008).  Since then lime has become a widely used chemical in many industries, 
especially within the construction industry as it has the ability to physically and chemically 
change materials for an engineering purpose. This is demonstrated by the construction of the 
Great Wall of China, where the wall was built mostly with bricks and a lime mortar. 
Lime stabilised pavements have been used for many years within Roads and Maritime 
Services (RMS) with varying results. In fact, lime is being used commonly within Regional 
Maintenance Delivery (RMD) Mid North Coast (MNC) for road rehabilitation projects to 
improve the quality of pavement materials and extend pavement design life. These 
pavements are generally moderately to heavily trafficked roads situated on low strength 
subgrades 
RMS manages approximately 18,000 km’s of state roads including 4,317 km’s of National 
Road Network. RMD MNC manages 350 km’s comprising of both rigid and flexible 
pavements which are designed for varying traffic volumes and axle loads and are a major 
contributor to Australia’s economic activity through the movement of people, goods and 
services. (RMS, 2016) Of this 350 km’s, approximately 250 km’s is the Pacific Highway and 
100 km’s is the Oxley Highway. Most flexible road pavements are designed for a life 
expectancy of 20 years however in some instances where RMD controlled roads are in areas 
of reactive soils such as clays, high volume change and varying pavement strengths are 
common and cause significant structural damage to road pavements. 
As RMD MNC is a maintenance business unit and manages existing road infrastructure, 
ways to rehabilitate roads rather than constructing new roads are constantly being 
investigated to achieve a sustainable pavement which will satisfy the needs of future traffic 
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volume increases whilst still providing value for money. Lime stabilisation is a good choice 
in many ways which will be discussed throughout this project for the rehabilitation of 
existing road bases rather than replacing existing roads. The current RMS standards for lime 
stabilisation are R71 Unbound and Modified Pavement Course, R73 Construction of Plant 
Mixed Heavily Bound Pavement Course and R75 Insitu Pavement Stabilisation Using Slow 
Setting Binders (RMS, 2013) 
RMD MNC has a budget set for maintenance of existing carriageways each year which 
varies depending on the 10 year forward works program. Due to this financial constraint it is 
crucial that the unit rate for maintenance projects are minimised to allow for greater 
accomplishment of work.  Common practices to maintain existing roads such as re-
asphalting have proved to be expensive compared to lime stabilisation and hence the need 
for an understanding of local materials and how these will provide RMD MNC with the best 
value for money whilst still achieving a sustainable road.  
 
 
1.2 The Problem 
 
Each year RMS Asset Maintenance invests a significant amount of funds into the 
maintenance of their road network and expects that these roads are maintained to a standard 
that satisfies the needs of the customers that use them. The objective is to provide the best 
performing road possible to rate payers, residents and visitors, though there are many 
obstacles to overcome to achieve this. The main obstacle is the allocation of funds every 
year.  
In order to limit financial constraints it critical that RMD MNC undertakes maintenance in 
the absolute most efficient way. This is the case especially when rehabilitating large sections 
of road carriageway when slight design changes in the project development phase can result 
in thousands of dollars variation in the final project cost. A well performing pavement is 
critical to the performance of the road, but also the public image of RMS. This image is 
becoming increasingly hard to maintain with the increasing traffic volumes and axle weights 
repetitively using the road network with the limited funds available to undertake necessary 
maintenance.  
This issue is similar in many local government regions of NSW. Therefore it is crucial that 
each region has a thorough understanding of the way their road pavements will perform 
when undertaking lime stabilisation for rehabilitation purposes. 
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1.3 Projects Aim 
 
The aim of this project is to study and determine the way locally sourced gravel reacts with 
hydrated lime to achieve an understanding that can be applied to local road authorities to 
better predict the way in which a pavement will behave.  
 
 
1.4 Project Objectives 
 
In order to achieve the aim of this project, the report will: 
 Provide an overview of lime stabilisation processes; 
 Provide a literature review which highlights the chemical nature of lime; 
 Provide details on the methodology used to determine the characteristics of lime 
stabilised gravel; 
 Determine the Maximum Dry Density and Unconfined Compressive Strengths of 
different percentages of hydrated lime; 
 Provide all data gathered from the testing phase that can be used to assess the 
sustainability of lime stabilisation; 
 Provide an analysis of the results; 
 Develop a cost benefit analysis for each percentage of binder; 
 Undertake a case study on a lime stabilisation project; 
 Discuss the suitability of lime stabilisation within the MNC; 
 Outline possible future areas of study. 
 
 
1.5 Research Approach 
 
There have been a number of techniques and methods which have been undertaken in order 
to complete this report and they have been divided into two stages as outlined below: 
Stage 1: 
Stage 1 revolved around understanding the lime stabilisation processes by: 
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 Conducting an extensive literature review focusing on how lime works, the lime 
stabilisation process in the field and the processes, plant and equipment used; 
 Undertaking a work placement at Port Macquarie Regional Maintenance Delivery 
(RMD) office; 
 Acting as the Project Engineer for two large lime stabilisation projects where my 
role was to ensure the delivery of the project which met the client’s time, quality, 
cost, environmental and safety objectives. 
Using a wide variety of references, the literature review has been completed, and presented 
in detail in Chapter 2.  
Stage 2: 
Stage 2 involved applying the knowledge learnt throughout stage 1 to gain an understanding 
of how lime reacts with different quantities of lime. This was done through testing in the 
laboratory for various soil-lime characteristics and reporting on the observations and results. 
 
 
1.6 Dissertation Outline 
 
The arrangement of this dissertation is as follows: 
Chapter 2 Literature Review 
This chapter is an evaluative report of the information which has been found in the literature 
relating to lime stabilisation construction and the chemical compositions which make up 
lime. It briefly touches on the sustainability of constructing and rehabilitating roads using 
lime stabilisation. 
Chapter 3 Methodology 
This chapter gives an overview of the research strategy that has been used throughout the 
project. It outlines the relevant steps the research has taken to achieve the project objectives 
and gain valuable and accurate results. 
Chapter 4 Case Study 
This chapter provides a case study on a lime stabilisation project which has been studied 
over a period of time. It has demonstrated the understanding of a real life lime stabilisation 
project which has presented some unexpected results. 
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Chapter 5 Results 
Chapter 5 presents the results of this project based upon the methodology. It includes the raw 
data observed and recorded throughout the testing phase and presents it through text, tables, 
graphs and photos 
Chapter 6 Discussion 
This chapter highlights the significance of the research findings in light of what has already 
been found in the literature review and explains any new understanding or insights about the 
research topic. 
Chapter 7 Conclusion 
This chapter reports the achievement of the project aim and objectives, conclusions of the 
project and any future work suggested. 
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CHAPTER 2  
 
LITERATURE REVIEW 
 
 
2.1 Introduction 
 
This literature review provides a detailed report on the literature relating to the properties of 
lime and the applications of using lime as an additive on road pavements. Furthermore, it is 
also important to note the sustainability of constructing a road with lime and what social, 
environmental and economic impacts this has.  Every effort has been made to ensure the 
accurateness of the literature and the data utilised as part of this project.  
The aim of this literature review is to set a clear understanding of the current knowledge 
surrounding lime stabilisation. This is achieved by explaining the importance of 
sustainability within road pavements, exploring the definition of sustainability and how this 
specifically relates to the road construction industry, in particular lime stabilisation projects. 
Properties, characteristics and types of lime are then discussed in detail and the significance 
these have on their applications with lime stabilisation construction. Additionally, lime 
stabilisation construction has been reviewed to gain an understanding of construction 
techniques. 
 
 
2.2 Sustainability 
 
According to the Australian Bureau of Statistics, Australia’s current annual population 
growth is at 1.4% (ABS, 2016) which demonstrates that road pavements are progressively 
undergoing increased traffic loadings due to the increase of vehicles on our roads. With a 
greater population comes increased demand for transportation of goods and services. This 
has been demonstrated in recent years with the B-triple truck network expanding to the 
Newell Highway, NSW (RMS, 2013). 
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This rise in population has given reason for greater understanding of how our road 
pavements are reacting to these amplified loadings and what can be done to deal with this. 
Soil stabilisation has been one solution to establishing new and rehabilitated roads that are 
capable of maintaining an acceptable standard with predetermined traffic loadings for many 
years. The most widely accepted definition of sustainability was developed in 1987 by the 
World Commission of Environment and Development and is defined as ‘meeting the needs 
of the present without compromising the ability of future generations to meet their own 
needs’ (Foth et al, 2011). 
Suitability can be derived from a number of categories as shown in the figure below: 
 
 
Figure 1: Sustainability Diagram (Foth et al, 2011) 
 
 
The social component of the above diagram relates to how the community is affected by the 
construction and maintenance of a road. For example will the constructing have an effect on 
their travel time to and from their destinations. Secondly, the environment component 
associates what the impacts are of road construction and maintenance on the environment. 
These include things such as noise and water pollution, habitat destruction or disturbance 
and climate change due to vehicle omissions.And thirdly, the economic component means 
how cost effective the construction and maintenance of a roadway is over its lifespan. It is 
the economic component which will be focused on throughout this report, however it is 
noted that not one component should be heavily focused on without considering the others as 
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it is necessary to provide optimal, sustainable solutions to technical problems (Klotz & 
Grant, 2009) 
There are many ideas surrounding what areas of road construction should be targeted for 
research into developing sustainable roads including recycled materials, reusing waste and 
refined management; however there is no clear solution in the literature.  
Toleman & Rose (2008) state that attitude towards most things in the past have been with the 
mindset that the earth has unlimited resources, however this perception is changing as 
physical limitation on resources is becoming more clear and evident.  
Factors in the construction of sustainable roads as describe by Thorpe (2013) include road 
material selection and use, road construction activities, planning and design and availability 
of key roads. This report will focus on material selection; more specifically the suitability of 
lime stabilisation and the impact this process has on the sustainability of road pavements. 
 
 
2.3 Properties of Lime 
 
Binders for use in road stabilisation are manufactured to Australian Standards or Road 
Authority Standards and are categorised in terms of their main component. The most 
common binder for soil stabilisation is lime which has a few variations as discussed below.  
Limestone, a naturally occurring sedimentary rock composed of calcite and aragonite is used 
to produce various forms of lime. Lime refers to a number of different calcium based 
chemical compounds such as calcium oxide (quicklime and dolomite), calcium hydroxide 
(slaked or hydrated lime) and calcium carbonate (agricultural lime) (AustStab, 2010).  
Agricultural lime is not chemically active enough to be used as a road pavement stabiliser, 
however is suitable for soil alteration. This project in particular will solely concentrate on 
using hydrated lime due to it less sensitive nature (safer lab conditions) and more common 
use as a road pavement stabiliser within the MNC district. 
Cementitious binder such as lime provide an alternative to GP cement and can be considered 
more suitable for road stabilisation for a number of reasons which include extending the 
working time for compaction and finishing activities and that it is more economically viable. 
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2.3.1 Calcium Oxide 
Calcium Oxide (CaO) or more commonly known as quicklime, is a white crystalline solid at 
room temperature. It is formed by heating calcium carbonate at temperatures above 825 
degrees Celsius until carbon dioxide is driven off. Lime reactivity can be lost by over 
burning or holding lime in the kiln at a high temperature for too long.  This results in the 
collapse of pores, reducing the surface area which affects the ability for water to react with 
the lime. Furthermore over burning will result in impurities in the lime such as silica, 
aluminium and iron further reducing the calcium content available for reaction with water. 
 
CaCO3(s) → CaO(s) + CO2(g)      Equation (2.1) 
 
Quicklime is not stable when cooled and will spontaneously react with carbon dioxide to 
reform calcium carbonate due to its caustic nature. In order to stop this reaction, quicklime 
must be slaked with water to set as a lime mortar. Because of this, it must be handled with 
care as it can cause severe irritation to the skin and corrosively attack equipment. PPE such 
as dustproof googles, impervious gloves, long pant, and long sleeved shirts should be worn 
(AustStab, 2014) when handling quicklime. Quicklime can be manufactured to suit different 
needs and can range in particle size. 
The advantages of using quicklime are that it is the cheapest type of lime per m
2
 for 
changing the structure of plastic soils and that it is very effective in drying out wet soils. 
However, quicklime requires more water on site due to the slaking process and that it 
generates large clouds of steam, often mistaken for dust which can causes traffic delays and 
safety issues for personnel on site. 
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Figure 2: Slaking of Quicklime in the Field (AustStab, 2014) 
 
 
2.3.2 Calcium Hydroxide 
Calcium Hydroxide (CaOH2) is an inorganic compound which is white in colour. It is 
formed from ‘slaking’ quicklime at a manufacturing plant by the addition of water which 
causes an exothermic reaction generating heat and steam. The reaction can be shown by the 
following chemical equation: 
 
CaO + H2O → Ca(OH)2 + Heat       Equation (2.2) 
 
In addition, understanding the reactive nature of lime can lead to improved uses of lime in 
stabilised pavements. Factors which can affect the hydration of quicklime include: 
 The inherent reactivity of the quicklime ; 
 Its mean apparent density and the distribution of its particle density; 
 Its particle size distribution; 
 Any impurities which may inhibit the hydration process by forming a surface layer 
on the quicklime particles. (AustStab, 2002). 
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Calcium Hydroxide is less sensitive then Calcium Oxide and therefore makes it easier to 
handle, however time spent exposed to the atmosphere should be limited as carbonation of 
the lime still occurs and reduces the available calcium. 
Hydrated lime is used for changing the soil structure of plastic soils, for drying out wet soils 
and also for laboratory testing. It requires less water on site during construction and does not 
produce the shear amount of steam that quicklime generates. However, it is very light which 
makes it prone to becoming airborne and is more expensive than quicklime per m
2
. 
Calcium hydroxide is the component that reacts with pavement materials so it is necessary to 
obtain hydrated lime for stabilisation works with high percentages of Ca(OH) 2. As per RMS 
material specification 3211 Cements, Binders and Fillers (RMS, 2014) the available lime 
content calculated as calcium hydroxide must be equal to or greater than 85%.  Austroads 
(2009) specify that quicklime actually has 32% more equivalent calcium oxide than hydrated 
lime as shown in the below table. 
 
 
Table 1: Properties of Lime (Austroads, 2009) 
 
 
 
2.4 Soil Modification  
 
In the presence of water, hydrated lime sets up an alkaline environment where the lime will 
react with any Pozzolans (AustStab, 2010). A Pozzolan can be defined as “a finely divided 
siliceous or aluminous material which in the presence of water and calcium hydroxide will 
form a cemented product. The cemented products are calcium-silicate hydrates and calcium-
aluminate hydrates”. (Little, 1995).  This process works in road stabilisation where clay 
particles provide the siliceous and aluminous components. 
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These reactions are a two stage process. Firstly the lime agglomerates fine clay particles into 
coarser particles by a cation exchange with the calcium cation displacing sodium or 
hydrogen ions. This in turn means the water holding capacity of the soil is lowered, the 
internal friction amongst agglomerates is increased, increased aggregate shear strength and 
greater workability due to change in material from a plastic clay to a sand like material. 
Secondly, the pH rises to above 12 from the addition of the lime, which encourages chemical 
reactions that lead to the formation of silicates and aluminates (AustStab, 2010). 
Pozzolanic reactions are slow but will continue to take place whilst there are still sufficient 
quantities of residual calcium in the soil-lime-water and as long as the pH remains high 
enough to maintain solubility. These reactions may take months to reach completion 
dependant on temperature and correlates to strength gains that can be seen with time 
(AustStab, 2010). 
 
 
2.5 Characteristics of Lime treated soils 
 
The stabilisation of road pavements has a long and successful history as it is cost effective 
and a necessary requirement for authorities seeking long life roads to minimise future 
maintenance costs. However, the effects that lime can have will vary upon each application 
depending on a number of different factors including but not limited to: 
 The types of lime being used and the properties it possess; 
 The manufacture of lime; 
 How the lime reacts with the type of gravel; 
 Lime application rate and 
 Mixing operation. (AustStab, 2002). 
A summary of the effects from lime stabilisation for a range of different properties is shown 
in the sections outlined below. Overall, most soils exhibit lower plasticity with increased 
workability and compaction characteristics. Furthermore, stabilised pavements are not 
usually affected by water due to their durability and develop increased compressive and 
tensile strength over time. 
 
 13 
 
2.5.1 Plasticity Index and Workability 
Plasticity index decreases and in some cases can be quite a significant decrease. This is due 
to the liquid limit decreasing and the plastic limit increasing. The beneficial effect that lime 
can have on soils is shown below. 
 
Figure 3: Plasticity of Lime Stabilised Gravel (Evans et al, n.d) 
 
 
As discussed in Arvind and Sivapullaiah’s (2015) article susceptibility of strength 
development by lime in gypsiferous soil – a micro mechanistic study, ‘lime decreases liquid 
limit with increase in plastic limit of soil, leading to significant reduction in plasticity index.’ 
The effect this has makes lime use effective with soils that have a moderate to high plasticity 
index. Furthermore the study highlights that soils with a high (6%) lime mixture have high 
strength acceleration in the early 14 days curing period. 
 
 
2.5.2 Swell Potential and Cracking 
 
Alternate swelling and shrinkage of pavement soils can cause severe damage such as cracks 
within the pavement (Sharma et al, 2008). However soil swell potential and swelling 
pressure are normally significantly reduced by lime treatment. Cementitious binders such as 
lime also have improved stability against freeze-thaw and wet-dry cycles however normally 
require an unconfined compressive strength of a least 3 MPa. 
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Cracking has been identified through the literature as a problem with cementitious binders. 
Nevertheless, this problem has been removed over recent years by the introduction of 
modern cementitious binders, improved stabilisation plant and equipment with the ability to 
accurately spread, mix and compact, the technique of two pass mixing and the use of 
reinforcing seals such as polymer modified binders, geotextiles and SAMI seals. (AustStab, 
2012) 
There are two main forms of cracking; shrinkage cracking from hydration and drying and 
fatigue cracking caused by constant and repeated traffic loadings. Cracking is controlled in a 
number of different ways including: 
 Using slow setting binders; 
 Reducing the amount of cementitious material used for stabilisation; 
 Modern equipment that is capable of accurate spreading and mixing; 
 Strict moisture content controls during construction; 
 Correct compaction; 
 Correct curing regime. 
 
 
Figure 4: Swell potential at OMC and MDD of Expansive Clay (AustStab, 2012) 
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Cracking caused by hydration and drying may reduce ride quality however it does not 
usually cause structural damage to the pavement provided cracks are less than 2mm and are 
properly maintained. Not sealing cracks will lead to moisture penetration and may lead to 
pumping of fines from erosion leading to deterioration of the pavement from the repetition of 
traffic loadings. When cracking occurs, provided moisture penetration is prevented, heavily 
bound pavements can still have considerable life left in the pavement. 
Fatigue cracking can be reduced by a number of critical factors such as the incorporation of 
correct binders, suitable construction techniques and tolerances including achieving correct 
compactions, thicknesses and curing.  
 
 
2.5.3 Compaction and Strength 
 
When constructing road pavements it is critical to achieve specified compaction depending 
on the layer of pavement. RMS roadworks specification R75 (RMS, 2013) states that for a 
pavement course ≤ 250mm the characteristic compaction must be ≥ 102% and for a 
pavement course >250mm the relative compaction must be 100%. 
The addition of lime has significant effects on the strength gain of the relative soil. In the 
early 1950’s USA suggested that a ‘mellowing’ period, which is the time required for lime to 
react with soil prior to compaction of between 24 to 72 hours was necessary to facilitate the 
reaction between the soil and the lime (Freer-Hewish et all, 2001), however this has been 
met with limited justification. Freer- Hewish et al (2001) found that a mellowing period of 
12 hours has the potential to increase strength of a lime soil mix by up to 138%. This is due 
to the lime expanding from hydration, and thus if the material is compacted immediately 
with no mellowing period the hydration reaction occurs during the curing process developing 
cracks and hence a reduction in the strength of the pavement. However prior research 
conducted by Freer-Hewish et al (1998) found that a mellowing period greater than 24 hours 
may cause a decrease in pavement strength due to the flocculation of the available lime. 
Therefore weaker pozzolanic reactions occur and as a result the subsequent compaction 
breaks the initial bonds which cannot be reformed and results in lower pavement strength. 
 The strength of a lime soil pavement can be evaluated by various methods. The Unconfined 
Compressive Strength (UCS) test is the most common procedure with California Bearing 
Ratio (CBR) test also used.  CBR testing on bound materials have little application as the 
addition of cementitious binders to well graded material result in large meaningless data 
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(AustStab, 2012). UCS and CBR properties increase with the addition of lime and are 
usually a representation of how much lime is added to the subject material and the strength 
gain can be used in order to reduce the required depth of road pavement. The strength of a 
soil can be a good indication of how well lime soil reactions have occurred using the 
difference between the existing soil and the lime treated soil. A substantial increase indicates 
that the soil is reactive with lime and may be suitable to for lime stabilisation to produce high 
quality road pavements. 
Stabilisation of base courses have previously been used throughout Victoria in the 60’s and 
70’s and showed reflective cracking in the asphalt or sealed surfaces. This was however 
associated with high cement contents (5% to 10%) in granular materials. Since then it has 
become common practice to put a limit on the tensile strength of stabilised pavements, 
depending on the wearing surface. Unconfined Compressive Strengths (UCS) are not a direct 
design input, however are used as an indirect measurement of tensile strength. It is found that 
a maximum UCS of 2 MPa works well in base layer pavements. (Matthews, n.d) 
The term stabilisation may refer to a wide degree of binding. Therefore Austroads have 
published a diagrammatic representation of how cementitious binders may increase UCS 
with binder content as shown below: 
 
Table 2: Typical Properties of Modified, Lightly Bound and Heavily Bound Materials (AustStab, 2012) 
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2.5.4 Detritus material 
 
Some soils may not gain strength due to a dominant ion exchange process or when in the 
presence of organic substances which are likely to reduce the effectiveness of the pozzolanic 
reaction. Lime stabilisation depends on the increase in pH which allows the pozzolanic 
reaction to occur, however organic material present in the soil may retard or completely 
inhibit the change in pH (Sherwood, 1993). It has been recommended by the Roads and 
maritime Services material specification 3051(RMS, 2014) that the maximum allowable 
percentage for undesirable material such as rubber, plastic, paper, cloth, paint, wood and 
other vegetable matter is 0.1% for category A and B roads (DESA N ≥ 4 × 106) and 0.2% for 
category C and D roads (DESA N < 4 × 10
6
). 
Furthermore, sulphates can have a detrimental effect on the lime stabilisation process to the 
calcium sulphate aluminate hydrate crystals that form. If these crystals form after 
compaction it can result in pavements being destroyed from the heaving of the stabilised 
layer (Little 1995). 
 
 
2.5.5 Permeability 
Water permeability is increased with a small addition of lime as it modifies the clay to a 
granular like material. This means that it does not absorb water the way a clay material does. 
With the addition of large amounts of lime which reach pH levels above 12.4 the 
permeability is further reduced due to the soil forming long term pozzolanic reactions. 
Water resistance can be achieved as the pavement layer forms a water resistant barrier from 
stabilisation, however experience in Victoria has shown that long term water proofing is only 
achieved when the stabilised layer is covered by another pavement layer as quickly as 
possible (AustStab, 2010). This should be done by a prime or primer seal preferably less than 
48 hours after compaction whilst keeping the pavement moist in the interim (Paige-Green et 
al, 1990). 
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2.6 Stabilised Base Layer Construction 
 
The construction processes in base layer stabilisations generally follow the same steps no 
matter what the lime percentage or stabilisation depth. The steps include: 
 Pre pulverisation of existing soil (if required); 
 Spreading of lime; 
 Water addition and mixing; 
 Compacting and trimming; 
 Curing prior to placing wearing course. 
RMS roadwork specification R75 states that any wearing course in excess of 80mm thick 
must be removed prior to stabilisation. It has been common practice in the past to pre 
pulverise or profile out existing pavements which had unsuitable material as per RMS R75 
specification, such as asphalt patches, however with the ongoing development of machines, 
pulverisers are usually capable of handling material like this and allow for their uniform 
mixing with adjacent pavement material. Furthermore, with the addition of a granular 
material to rehabilitate roads, it is unlikely that the final base layer quality will be 
compromised due to this existing material; however this will vary depending on the exact 
pavement design. 
Lime spreading is usually undertaken by trucks which evenly spread material on the ground 
to a particular application rate. Lime trucks are capable of negotiating the roadway even after 
pre pulverisation has been complete. Application rates are based on the available lime 
content of the hydrated lime and are determined by AustStab’ S (2002) formulas: 
Field application rate (%): 
 
𝑅𝑎𝑡𝑒𝐹𝑄 = 0.0076 × (𝑅𝑎𝑡𝑒𝐿𝐻 + 𝑅𝑎𝑡𝑒𝑇𝑂𝐿) × 𝐴𝐿𝑥    Equation (2.3) 
 
Where: 𝑅𝑎𝑡𝑒𝐹𝑄 = Field application rate of lime (%) 
 𝑅𝑎𝑡𝑒𝐿𝐻 = Lime percentage determined in the laboratory (%) 
 𝑅𝑎𝑡𝑒𝑇𝑂𝐿 = Allowance for construction tolerance (%). Usually 0.5% 
 𝐴𝐿𝑥 = Available lime index for Ca(OH)2 (%) 
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Field application rate (kg/m2): 
 
𝑅𝑎𝑡𝑒𝑆𝑃𝑅𝐸𝐴𝐷 =
𝑅𝑎𝑡𝑒𝐹𝐺𝛾𝑇
𝐴𝐿𝑦
       Equation (2.4) 
 
Where: 𝑅𝑎𝑡𝑒𝑆𝑃𝑅𝐸𝐴𝐷 = Field application rate (kg/m
2
) 
 𝑅𝑎𝑡𝑒𝐹𝑄 = Field application rate of lime (%) 
 𝛾 = Dry density of the pavement material (kg/m3) 
 𝑇 = Thickness of the stabilised layer (m) 
 𝐴𝐿𝑦 = Available lime index (%) 
 
Spread rates in the field can be verified by load cell readings from spreaders or the use of 
trays and/or mats. 
There are different ways of mixing lime; however this project focuses on the insitu mixing 
utilising in place mixing machines known as stabilisers. This is the most common mixing 
method amongst RMD MNC. Depending on the type of soil and it plasticity, it may be 
necessary to undertake a two stage mixing method to ensure mixing of the lime and soil is 
adequate. In the preliminary mixing operation the objective is to distribute lime throughout 
the soil which allows the lime to start breaking down clay particles. In order for the chemical 
reactions of cation exchange and pozzolanic reactions to occur it is essential to allow the soil 
to ameliorate through a mellowing period. Usually after a 24 to 48 hour period (Little, 1995) 
the clay becomes friable and allows better mixing during the final mix. 
 
 
Figure 5: Lime Stabiliser (Hiway Stabilizers, 2014) 
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2.7 Lime Stabilisation 
 
 
Lime stabilisation refers to the ability to change the physical and chemical properties of a 
soil for an engineering purpose, usually to improve strength, durability or other qualities. 
Austroads (2009) list some of the purposes of stabilisation which include: 
 Correct any mechanical deficiencies in unbound granular materials and subgrade; 
 Increase strength or bearing capacity; 
 Reduce the permeability and/or moisture sensitivity; 
 Provide cost effective new pavement configurations through the provision of 
stabilised pavement layers; 
 Improve the wearing characteristics of unsealed pavements; 
 Provide a means by which existing pavement can be recycled; 
 Improve the strength of subgrades so they are capable of accepting construction 
traffic; 
 Enhance the compaction of unbound granular materials. 
Austroads (2009) break down stabilised materials into four categories, subgrade stabilised, 
granular stabilised, modified stabilised and bound stabilised materials. The below table 
summarises the types of stabilised materials, typical strengths, common binders used and 
anticipated performance attributes. 
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Table 3: Types of Stabilisation (Austroads, 2009) 
 
 
Ciancio, D et al (2014) have identified ‘an OLC (Optimum Lime Content) of 4% was found 
above which no beneficial change in UCS or stiffness was recorded with increasing lime 
content’. Based solely on particle size distributions and a very brief description of the 
material, the OLC which has been found is similar to what is proposed in the research of this 
project and hence a figure of around 4% was expected.  
A common test before the construction of lime stabilisation projects is the lime demand test, 
RMS T144 Determination of the Lime Saturation Point of Roadmaking Materials by the pH 
Method (RMS, 2013). Historically the lime demand test was used more as a research tool 
however more commonly today it is being used as a way to identify the quantity of lime 
required to satisfy the cation exchange by reaching specific pH levels to produce long term 
reactions (AustStab, 2002). Typically the lime demand is assessed before the determination 
of the required lime percentage to reach targeted compressive strengths. 
Cracking in stabilised layers can be a common occurrence which may result in stress 
distribution and may affect the overlying layers. There are two types of cracking, fatigue and 
shrinkage. Fatigue is generally associated with an inadequate pavement thickness, whereas 
shrinkage cracks are due to a combination of moisture drying out of the layer and the 
hydration process of the reactant  reacting with water, which causes heat, hence the material 
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shrinking once cooled. When restrained by the friction of the underlying layer, the layer 
cracks as it is subject to stresses failing to move it. (Matthews, n.d) 
Pavement thicknesses are a crucial part of the design process for lime stabilised base layers 
and are usually determined by the California Bearing Ratio (CBR) of the underlying 
subgrade. Austroads (2012) have developed a table which is used to determine the thickness 
of the stabilised base layer for different street types with a wearing course of a sprayed seal 
or thin asphalt layer up to 40mm in thickness. It should be noted that this design guideline 
does not apply to roads where traffic exceeds 106 Design number of Equivalent Standard 
Axles (DESA). 
 
Table 4: Stabilised thickness for different subgrade strengths and traffic levels (AustStab, 2012) 
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2.8 Conclusion 
 
The literature review has revealed the large amount of research into the performance of 
stabilised pavements within Australia and overseas. This highlights the importance stabilised 
pavements have to both rehabilitate existing pavements and construct new roads. 
Throughout the literature review lime stabilisation construction techniques and 
methodologies have been discussed along with the chemical compositions of the different 
types of lime. It can be seen that through lime stabilisation soils react with different 
percentages of lime which determines whether they are considered to be modified, lightly 
bound or heavily bound pavements. Furthermore, properties that are altered include: 
 Increased permeability 
 Increased workability 
 Increased compaction and strength properties 
These properties, generally, continually rise with the more lime that is added to the subject 
material. However it is unclear through the literature if these attributes continue to increase 
and when other effects such as shrinkage cracking start to have an influence on base layer 
stabilisation. 
The report also shows that RMD MNC are not the only district who use lime stabilisation as 
a way to rehabilitate roads and that there are many regions around the world that face the 
same issues and have similar ways to rectify.  
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CHAPTER 3  
 
METHODOLOGY 
 
3.1 Determination of Lime Percentages 
The lime demand test was originally the way lime percentages were going to be chosen to 
study and it was thought that the research could straddle to lime saturation point. However, 
RMS Port Macquarie laboratory did not have the correct equipment to undertake lime 
saturation testing at the time of this project and therefore the determination of lime 
percentages has come from both the literature review and discussions with Port Macquarie’s 
RMS laboratory staff. The percentages that have been chosen are 1%, 3%, 5%, 7%, 9% and 
11%. The evenly split range will allow comparison between the various tests to gain an 
understanding of what effect lime has on the selected gravel at different percentages. From 
these percentages an understanding will be gained on where the lime saturation point lies as 
a change in MDD, OMC and UCS results may occur.  
 
3.2 Laboratory Testing 
 
To analyse the pavement gravels and associated lime-soil mixtures a NATA (National 
Association of Testing Authorities Australia) accredited soil laboratory has been used to 
perform the tests and ensure the accuracy of data obtained. RMD MNC has a NATA 
registered lab at its Fernbank works depot. This lab has the capabilities to perform all 
necessary test procedures and will be carried out as per the appropriate RMS test methods, 
with reference to the relevant Australian Standards. 
The gravel samples obtained from Boral’s John’s River quarry will be subject to the relevant 
laboratory testing to ensure that the gravel meets RMS material specification 3051 Granular 
Base and Subbase Materials for Surfaced Road Pavements. These tests include: 
 Course and fine particle size distributions 
 Liquid limit 
 Plasticity  Limit 
 Plasticity Index 
 Linear Shrinkage 
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3.2.1 Material Preparation 
Materials were sourced from suppliers who are consistently used for construction, 
maintenance and investigation projects within the Mid North Coast RMS maintenance 
boundaries. These suppliers consisted of Boral cement (bulk cement metro, major projects 
and stabilisation) and Boral Quarries (NSW country Quarries).  
Material preparation was carried out in accordance with RMS test method T105 Preparation 
of Samples for Testing (Soils) in order to prepare samples for testing. After procurement of 
the gravel material, the cone and quartering process (T105 A.3.2) took place. The material 
was coned on the ground and split into quarters. The diametrically opposite quarters were 
used to gather sub samples. 
Division of the sub samples was required to gain the required mass for each test method. 
This was done by riffling (T105 A3.1) using a riffling box to provide sub samples of 
sufficient quantities for specified tests. 
Preparation of the hydrated lime was not needed, however it was kept in a sealed, water tight 
bucket for the entirety of the project and disposed of three months after first being opened. 
 
 
3.2.2 Particle Size Distribution 
 
RMS Test method T106 (Course Particle Distribution) and T107 (Fine Particle Distribution) 
were performed to gain an understanding of the particle size distribution of the sample 
gravel. The requirements for particle size distribution for the sample gravel (MB20) are set 
out in RMS QA specification 3051 (RMS, 2014) as shown below. 
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Table 5: RMS QA Specification 3051 Particle Size Distribution (RMS, 2014) 
 
 
 
Figure 6: RMS Particle Size Distribution Graph 
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Coarse and Intermediate Sieving (>2.36 mm) 
The sample gravel  was dried at a temperature not exceeding 50 degrees Celsius so  that the 
material could be crumbled (breaking down of aggregations) to the extent required to pass 
the relevant sieve size and divided into the required mass of 10kg.  
The sieves were assembled in order, with the coarsest sieve uppermost and least course at the 
bottom. The sample was then sieved through the coarse sieves until the mass passing each 
sieve in one minute was less than 1% of the mass of material retained on that sieve. Once 
sieving had ceased, the following calculations were used to determine the particle: 
a) Calculate the percentage retained on each sieve: 
𝑅𝑐 = (
𝑀𝑐
𝑀𝐴
) × 100       Equation (3.1) 
Where: 𝑅𝑐 = Percentage retained on sieve (%) 
 𝑀𝑐 = Mass of fraction retained on coarse sieve (g) 
 𝑀𝐴 = Mass of sample 
 
b) Calculate the percentage passing each coarse sieve: 
𝑃𝑐 = (100 − ∑ 𝑅𝑐)       Equation (3.2) 
Where: 𝑃𝑐 = Percentage retained on sieve (%) 
 ∑ 𝑅𝑐 = Mass of fraction retained on coarse sieve (%) 
 
c) Calculate the percentage retained in each intermediate sieve: 
𝑅𝑖 = (
𝑀𝑖
𝑀𝐼
) × 100       Equation (3.3) 
Where: 𝑅𝐼 = Percentage retained on sieve (%) 
 𝑀𝑐 = Mass of fraction retained on sieve (g) 
 𝑀𝐼 = Mass of sample 
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d) Calculate the percentage passing each intermediate sieve: 
 
𝑃𝑖 = (𝑃19 − ∑ 𝑅𝑖)       Equation (3.4) 
Where: 𝑃𝑖 = Percentage retained on sieve (%) 
 𝑃19 = The percentage passing the 19.00 mm sieve (%) 
 ∑ 𝑅𝑖 = Cumulative percentage retained on intermediate sieve and coarser (%) 
 
Fine Particle Sieving (<2.36mm) 
RMS test method T106 and AS 1141.19 were used to determine the fine particle size 
distribution for the sample soil. Using the remaining sample from T107, the amount was 
reduced to approximately 50g. The sample was then placed in a boiling can of about 500ml 
and boiled for 1 hr. The sample was then cooled and transferred to a 1L beaker and 
replenished with water to a 110mm mark on the beaker and the addition of 20mL of 
ammonia solution was added, stirred and left to settle. The quantity of liquid left was then 
discarded, avoiding any turbulence. 
The sample was then dried to a constant mass in an oven of 105-110 degrees Celsius, left to 
cool and sieved through the appropriate sieve sizes. Calculations as per the test method were 
then completed to determine percentages passing each size sieve. 
 
 
3.2.3 Plasticity Limit 
 
Plasticity Index (PI) is a common way to describe expansive soils. The plasticity is the range 
of water content values where the soil exhibits plastic properties and is the difference 
between the liquid limit and plastic limit (GRT, 2016): 
 
PI = LL – PL        Equation (3.5) 
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Liquid Limit 
To determine the liquid limit, RMS test method T108 Liquid Limit of Road Materials was 
used. A 250 g sample was obtained from material passing the 425 micrometre sieve and 
mixed in a bowl with water until the soil was a thick and homogenous paste. The soil was 
then covered and left to cure for 12 hours at room temperature. The cured soil was then 
mixed thoroughly and a portion placed in the apparatus cup. Using the grooving tool the 
sample was divided through the centre line, followed by the apparatus crank being turned at 
2 turns per second until the two parts of the soil come together. This was then repeated until 
consecutive results were obtained. Moisture content was then determined and recorded as the 
liquid limit via a semi-logarithmic chart. 
Plastic Limit 
The plastic limit was determined by RMS test method T109 Plastic Limit and Plasticity 
Index of road construction materials. A sample of 40g from material passing the 425 
micrometre sieve was mixed on a glass mixing plate with water until it became 
homogeneous and plastic enough to be shaped into a ball. The sample was then left to cure 
for 12 hours at room temperature. Samples of about 8 grams each were then used to roll into 
3mm thick threads without crumbling. Once enough threads were rolled to achieve more 
than 5g, the moisture content was then determined as detailed in section 3.1.4 and recorded 
as the plastic limit. 
 
 
3.2.4 Moisture Content 
 
RMS Test method T120, with reference to AS1289.2.1.1, was used to determine the 
moisture content of the sample gravel. A sub sample was placed into an oven to dry at 105 to 
110 degrees Celsius after being weighed. After the sample had been dried sufficiently, it was 
removed from the oven and weighed again. These steps were repeated until the loss in mass 
was less than 0.1% of the wet soil mass. The moisture content was then calculated by the 
difference in wet and dry soil weights divided by mass of wet soil. 
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3.2.5 Dry Density/Moisture relationship  
 
The maximum dry density was determined using RMS test method T130 with reference to 
AS1289.5.2.1. Four sub samples were prepared as per RMS T105 – Preparation of samples 
for Testing (Soils). 
The required amount of binder was thoroughly mixed into one of the sub samples with the 
appropriate moisture content (adjusted per binder % to approximate OMC). Compaction of 
the sub sample in the mould then began as per the following table using a number of equal 
layers and each layer subject to a uniformly distributed number of blows from the rammer 
hammer falling freely from the specified height (RMS, 2012).  
 
Table 6: MDD Standard Compaction Values (RMS, 2012) 
 
 
The compacted material was weighed whilst still in the mould, and then removed. A sample 
of the compacted specimen was then used to determine moisture content in accordance with 
RMS test procedure T120. 
This procedure was then repeated until three test results straddled the Optimum Moisture 
Content (OMC) i.e. one result below OMC, one result above OMC and one approximately 
OMC. Dry densities were the calculated and plotted to acquire a series of compaction tests 
with their corresponding moisture contents. Using the graphical solution by plotting a 
parabola with the given points, the maximum dry density and optimum moisture content can 
be obtained as seen in the below figure. As per the test method, three points have been used 
to determine the MDD and OMC which were approximately at 2% below, at OMC and 2% 
above OMC. 
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Figure 7: Determination of MDD and OMC (O’Callaghan, A. 2014) 
 
 
3.2.6 Unconfined Compressive Strength 
 
Unconfined Compressive Strength’s (UCS) were obtained using RMS Test method T131. 
Two Sub samples were prepared for each binder percentage as per RMS T105 – Preparation 
of samples for Testing (Soils). 
The sample was mixed with the required amount of binder and moisture content adjusted 
accordingly (± 0.5%), before being set aside for 5 mins. After allowing to stand for 5 
minutes, the sample was then compacted in the mould using the required compaction as 
specified in the below table. 
 
Figure 8: UCS Required Compaction (RMS, 2012) 
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The material, once compacted was then removed from around the collar, levelled and 
weighed to the nearest 1g. The specimen was removed from the mould and the moisture 
content determined in accordance with RMS T120. The process was then repeated for each 
additional specimen. 
Curing of the specimen was done carefully by wrapping the specimen in wet newspaper and 
covering in foil, then placing in an oven for 7 days at 65 degrees Celsius. 
 
 
Figure 9: Curing of Specimen for UCS Testing 
 
 
After 7 days had passed, the specimen was removed from the oven, unwrapped and left to 
cool. It was then immersed into room temperature water for 4 hours. On completion of the 4 
hours, the specimen was removed, left to drain for about 15 minutes and the diameter 
recorded. It was then placed in a compression testing machine and force applied of 60 ± 6 
KN/min to the sample until failure. This test procedure was repeated twice to achieve a pair 
of UCS results for each percentage of binder. 
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3.3 Laboratory Safety 
 
To determine the risk level and risk rating whilst working in the laboratory a risk assessment 
was developed which has adapted from the RMS Risk Management Procedure (RMS, 2012) 
and is shown in Appendix B. The purpose of this risk assessment is to ensure that health and 
safety risks which may be encountered during the project are addressed and managed in an 
appropriate manner. 
Furthermore, Safe Work Method Statements have also been used whilst undertaking field 
and laboratory work and include: 
 Working Outdoors 
 Manual Handling 
 Working with and around Plant and Equipment 
Whilst hydrated lime has been used throughout all stages of the research and is not as 
hazardous as quicklime, it can still cause skin and respiratory irritation. When mixing 
samples in the laboratory and road pavements on site dust masks, long sleeve shirt sand long 
pants were worn. 
 
 
3.4 Cost Benefit Analysis 
 
The cost analysis has been conducted as a systematic approach to estimate the costs 
associated with lime stabilising. The purpose of the cost benefit analyse is to be able to easily 
calculate and compare the financial cost of alternate decisions based around the areas of 
stabilisation to be complete by a particular project 
The cost benefit analysis will generally be of most usefulness at the project development 
stage when deciding on project quantities in terms of square, however will also analyse depth 
of stabilisation and percentage of lime to be used. Many factors contribute to the unit rates of 
lime stabilisation and these will be discussed in Chapter 5 Results. 
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CHAPTER 4  
 
CASE STUDY – CHURCHILL’S 
 
 
4.1 Background 
 
The Churchill and O’Neill’s rehabilitation project consisted of rehabilitating 1.45km of the 
Oxley Highway 50 km west of Port Macquarie using lime stabilisation. The project had a 
lime stabilised pavement width of 8 metres. The pavement was constructed to achieve 3.5 
meter lane widths and 0.5 meter shoulders. The existing pavement was noted to be in very 
poor to fair condition with rutting, shoving, fatigue cracking and repaired potholes evident in 
the area and for these reasons was identified for rehabilitation.  
Following test pits conducted by RMS geotechnical branch it was recommended that the 
pavement be rehabilitated using insitu lime stabilisation combined with imported unbound 
granular material for an overlay. The final design included a 120mm unbound granular 
overlay with material that met RMS material specification 3051 for a traffic category of B 
(Design number of Equivalent Standard Axles, DESA), and a depth of stabilisation of 
200mm with 3% lime additive. It was also noted in the design brief that the associated road 
pavement repair is were to provide a desirable 20 year design life, however this may be 
governed a cost assessment. Due to geotechnical recommendations and financial constraints, 
the project was divided up into three sections of 700m, 500m and 250m across a 2.5km 
stretch to target the pavement areas of highest priority. This project was resourced utilising a 
mixture of RMS direct control resources and sub-contractors.  
The project was subject to laboratory testing to ensure the conformity to RMS roadworks 
specification R75 and included testing for unconfined compressive strengths, binder 
application rates and compaction and moisture contents. As the project was completed over a 
duration of four weeks, lots were established which identified particular locations of 
stabilisation and usually referred to one day worth of work. Additionally, this made it easier 
to trace material, results and problems that may have been associated with the different lots 
.The lot configurations are shown in the below figures. 
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Figure 10: Case Study Lot Diagram 
 
 
 
Figure 11: Case Study Lot Diagram 
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Figure 12: Case Study Lot Diagram 
 
 
4.2 Material Conformance 
 
4.2.1 Gravel 
Gravel supplied to this project was required to meet RMS materials specification 3051. 
Conformity of the sample for particle size distribution met all the parameters which 
concluded the sample was conforming, no outlier value was determined. The plasticity index 
concluded that the PI for the sample conformed to the maximum allowable plasticity of 6 
(traffic category B). Particle shape determined by proportional calliper conformed to the 
allowable maximum of 35%. Aggregate wet strength also met the requirement set in the 
specification of a minimum of 70KN. A material summary sheet is provided below. 
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Figure 13: Case Study Gravel Properties 
 
 
4.2.2 Lime 
Hydrated lime for this project had to meet RMS material specification 3211 Cements, 
Binders and Fillers which states an available lime content of  ≥ 85% must be achieved. The 
product used for this project contained > 93% available lime in the form of calcium 
hydroxide Ca(OH2). In addition it also contained minute amounts of various trace metals and 
attained 0.4% moisture content, less than the allowable maximum of 1.0%. 
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4.2.3 Application Rates 
In order to achieve lime spread rates that comply with R75 and the design, the following 
spread rate should have been used: 
𝐹𝑖𝑒𝑙𝑑 𝐴𝑝𝑝𝑙𝑖𝑐𝑎𝑡𝑖𝑜𝑛 𝑅𝑎𝑡𝑒 × 𝐷𝑒𝑝𝑡ℎ × 𝑃𝑎𝑣𝑒𝑚𝑒𝑛𝑡 𝐷𝑒𝑛𝑠𝑖𝑡𝑦
𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝐿𝑖𝑚𝑒 𝐶𝑜𝑛𝑡𝑒𝑛𝑡
 
8.8 
𝑘𝑔
𝑚3
 
The application rate for this project will be discussed in further detail in section 4.4. 
 
 
 
Figure 14: Lime Application 
 
 
4.3 Results 
The project took 4 weeks to complete after a construction start date of 8
th
 February 2016 
which included granular overlay, stabilisation, shape correction and application of wearing 
coarse with delineation. In total 10,980 square meters were rehabilitated. During the 
construction phase maximum dry densities were recorded and results showed an average of 
2.051 kg/m3 with a range of 0.099 which can be seen in the below graph. 
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Figure 15: Case Study Maximum Dry Densities 
 
 
The confidence limits have been analysed for the MDD which have resulted in values of ± 
0.009 T/m
3
 for 90% confidence, ± 0.011 T/ m
3
 for 95% confidence and ±0.014 T/ m
3
 for 
99% confidence from the average. After compaction the insitu dry densities that were 
achieved averaged 2,114 kg/m3 giving an average compaction of 103.1% which meet the 
required compaction of 102% as specified in RMS specification R75 (RMS,2013). 
 
Table 7: Case Study MDD Confidence Intervals 
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Sample Number 
Maximum Dry Densities with ± 1 Standard 
Deviation 
MDD Average
Mean
(T/m3) 
Confidence 
Level (%)
Z 
Standard
Deviation
Upper 
value
(T/m3)
Lower 
value
(T/m3)
Confidence 
Interval
(T/m3)
2.051 90 1.645 0.030 2.060 2.042 0.009
2.051 95 1.96 0.030 2.062 2.040 0.011
2.051 99 2.58 0.030 2.065 2.036 0.014
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The UCS results showed average compressive strengths of 1.06 with a range of 1.00 MPa. 
The results are shown in the below table. The minimum value required was not specified in 
this project, however CIRCLY summary report detailed layer number 1 (base layer) as a 
heavily bound cemented material which based on AustStab (2012) the UCS’s need to 
achieve greater than 2MPa. This conflicts with the laboratory investigations which results in 
trials achieving 1.1 MPa. 
 
Table 8: Case Study Laboratory Results 
 
 
Statistical control has been applied to the UCS results obtained in order to achieve 
confidence intervals. These have resulted in ± 0.07 MPa at 90% confidence, ± 0.08 MPa at 
95% confidence and ± 0.11MPa at 99% confidence 
 
 
 
Sample
 Number
Date Lot Lane
Dry Density
 In situ
MDD OMC
Relative
Compaction
1 11/02/2016 C1 WestBound 2.089 2.089 9.6 100.0% 0.65 0.90
2 11/02/2016 C1 WestBound 2.098 2.076 8.8 101.1%
3 11/02/2016 C1 WestBound 2.062 2.013 10.4 102.4% 1.05 1.15
4 11/02/2016 C1 WestBound 2.119 2.03 9.8 104.4%
5 11/02/2016 C1 WestBound 2.075 2.037 10 101.9% 0.70 0.65
6 12/02/2016 C1 Eastbound 2.128 2.048 9.1 103.9%
7 12/02/2016 C1 Eastbound 2.089 2.023 9.6 103.3% 0.75 0.60
8 12/02/2016 C1 Eastbound 2.116 2.008 9.7 105.4% 0.90 0.95
9 12/02/2016 C1 Eastbound 2.027 1.997 10.5 101.5%
10 12/02/2016 C1 Eastbound 2.026 2.001 9.9 101.2% 1.00 1.05
12 18/02/2016 D1 Westbound 2.177 2.065 10.1 105.4%
13 18/02/2016 D1 Westbound 2.124 2.08 9.8 102.1% 1.20 1.15
15 18/02/2016 D1 Westbound 2.141 2.019 10.2 106.0% 1.00 1.00
16 19/02/2016 D1 Eastbound 2.143 2.071 9.6 103.5% 1.15 1.05
17 19/02/2016 D1 Eastbound 2.123 2.031 10.2 104.5%
18 19/02/2016 D1 Eastbound 2.132 2.077 9.8 102.6% 1.20 1.25
19 19/02/2016 D1 Eastbound 2.111 2.021 9.5 104.5%
20 19/02/2016 D1 Eastbound 2.087 2.046 9.6 102.0% 0.90 1.00
21 25/02/2016 D2 Eastbound 2.086 2.055 9.2 101.5% 1.30 1.35
22 25/02/2016 D2 Eastbound 2.11 2.071 10.4 101.9%
23 25/02/2016 D2 Eastbound 2.164 2.083 9.1 103.9% 1.20 1.35
24 25/02/2016 D2 Eastbound 2.139 2.07 9.3 103.3%
25 25/02/2016 D2 Eastbound 2.151 2.096 8.9 102.6% 1.10 1.05
26 26/02/2016 D2 Westbound 2.082 2.021 9.9 103.0% 1.60 1.60
27 26/02/2016 D2 Westbound 2.119 2.078 9.9 102.0%
28 26/02/2016 D2 Westbound 2.195 2.081 9.4 105.5% 0.80 0.90
29 26/02/2016 D2 Westbound 2.167 2.072 8.9 104.6%
30 26/02/2016 D2 Westbound 2.123 2.065 9.7 102.8% 1.30 1.35
UCS
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Table 9: Case Study UCS Confidence Levels 
 
 
 
 
Figure 16: Unconfined Compressive Strengths 
 
 
 
 
Mean
(T/m3) 
Confiden
ce 
Level (%)
Z 
Standard
Deviatio
n
Upper 
value
(T/m3)
Lower 
value
(T/m3)
Confiden
ce 
Interval
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1.063 90 1.645 0.249 1.299 0.827 0.070
1.063 95 1.96 0.249 1.345 0.782 0.084
1.063 99 2.58 0.249 1.434 0.693 0.110
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4.4 Discussion 
 
During construction of the project, it was discovered that the lime application rate was 
calculated incorrectly. Austroads Technical Note (Austroads, 2012) sets out the correct 
application rate which is shown by equation (4). However the formula which was used 
mistakenly utilised incorrect measurements in terms of width and length (should not be 
needed if correctly calculated), a maximum dry density of 2,400 kg/m
3
 when the test results 
showed a MDD ranging between 1,997 kg/m
3
 and 2,096 kg/m
3
 and did not consider the 
available lime index of the hydrated lime. This lead to an application rate of 9.6 kg/m
2
 
compared to the correctly calculated 8.8 kg/m
2
. Although the difference is small on this 
occasion, using estimated and incorrect values in an incorrect formula may give a large 
difference on other occasions which will drastically affect pavement properties. 
Nevertheless, the results shown in this case study are significantly lower than what has been 
achieved in the laboratory as part of this research topic which will be discussed in detail in 
Chapter 5. The graph below plots the expected UCS strength without taking into 
consideration any factors that may have caused the strength to drop. The result is 3.1 MPa. 
 
 
 
Figure 17: Expected UCS Results 
 
 
As it can be seen above, after the optimum lime content of 5% the UCS’s become relative 
contestant until 9% where they start to decrease. A definitive reason for the significant drop 
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between the laboratory test results and the case study results is unknown, however it is 
assumed that a number of factors have been associated with this decrease in strength; the 
main factor being the 80mm of existing base pavement layer which has been incorporated 
into the total 200mm depth of stabilisation. It is believed that the reactivity of the existing 
pavement material has been extremely low as there has been limited pozzolans in which the 
lime could react with due to the low amounts of clay within the pavement. This is especially 
the case with the existing sprayed seal wearing surface and asphalt patches throughout the 
project. Furthermore the pH of the existing base layer material may have restricted the lime’s 
ability to raise the pH above the required 12 in order to promote the formation of calcium 
silicates and aluminates. This is where the lime demand test should have been performed as 
part of the initial pavement design; however no records or tests in the pavement design refer 
to a lime demand test. 
The Maximum dry densities are also significantly lower than what has been achieved in the 
laboratory by 0.133 T/m
3
 on average. Again, it is thought that this is due to the 80mm of 
existing base pavement material which may have caused an in balance in the particle size 
distribution and hence the decrease in MDD. 
The small standard deviation of 0.0296 for MDD’s and 0.25 for UCS’s and large sample size 
indicated that the levels of accuracy for the results are high. Furthermore, the confidence 
levels show small intervals further contributing to the accuracy of the results. 
In addition, during the dissertation preparation, comparisons were also made to another local 
stabilisation project which was under construction, where 1.5% hydrated lime was 
incorporated into a 100mm granular overlay and 300mm stabilisation depth. The results from 
this showed MDD’s within a similar range as the Churchill’s case study with the MDD’s 
ranging from 1,997 kg/m
3 
to 2,084 kg/m
3
. In addition the UCS results showed slightly higher 
results achieving 2.1, 1.4, 1.9 and 1.2 MPa, averaging 1.65 MPa, still lower than the 
laboratory results which would have predicted approximately 2.5 MPa. These results indicate 
that the assumptions made for the Churchill’s case study may have some validity as the 
decrease in material properties is consistent. 
Lightly bound pavement layers are generally considered to exhibit compressive strengths in 
the range of 1 – 1.4 MPa as discussed in detail in section 2.4.3. The results obtained from the 
Churchill’s case study fall within this range and would therefore be considered as a lightly 
bound pavement layer. 
This case study has demonstrated an understanding of the real life applications of lime 
stabilisation and presented results which will enable a comparison to the laboratory results 
achieved in Chapter 5. These comparisons will be discussed in detail in Chapter 7. 
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CHAPTER 5 
 
RESULTS 
 
 
5.1 Introduction 
 
This chapter will objectively present the key results from the research project using both text 
and illustrative materials. In particular it will highlight the laboratory results obtained and the 
materials used with their corresponding properties. It is equally important to recognise the 
uncertainty with some of the calculations as small sample sizes have been used in order to 
complete the research project in a timely fashion. Confidence levels have been used for 
statistical control to predict values which may occur if the tests were performed again. 
 
 
5.2 Particle Size Distribution 
The Particle Size Distribution (PSD) for the subject gravel was completed in accordance 
with RMS test methods T106 and T107 as specified in section 3.1.1. The PSD showed that 
the subject gravel met the PSD requirements of RMS material specification 3051.  
 
 
Figure 18: Particle Size Distribution Raw Data Results 
 
Sieve Size Upper LimitLower LimitResults
19 100 95 98
13.2 90 70 80
9.5 80 60 70
4.75 53
2.36 50 30 37
0.425 25 10 16
0.3 14
0.15 11
0.075 12 4 9
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Figure 19: Particle Size Distribution Results 
 
 
5.3 Atterburg Limits 
 
The atterburg limit tests T108 and T109 were undertaken to determine the plasticity index. 
However the liquid limit and plastic limits were not obtainable and therefore the plastic 
index was considered non plastic.  
 
 
5.4 Moisture Content 
 
The moisture content of the imported gravel was performed in accordance with RMS Test 
method T120, with reference to AS1289.2.1. The testing was conducted on each one of the 
six sub samples for lime stabilisation which showed average moisture content of 4.9% 
ranging from 4.8% to 5.0%. A copy of the testing worksheet is found in Appendix D. 
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5.5 Dry Density/Moisture Relationship 
The dry density moisture relationship values were calculated in accordance with RMS test 
method T130.  The resultant maximum dry density (MDD) and optimum moisture content 
(OMC) for the MB20 gravel stabilised with varying percentages of lime are shown in the 
figures below. Copies of the worksheets are provided in Appendix D. 
 
 
Table 10: MDD and OMC Values 
 
 
 
From the results obtained it can be seen that the MDD’s increase with the addition of lime 
until 5% where they then decrease until 11% where the project ceased to add any additional 
lime. The OMC follow an almost identical reverse trend where the OMC’s drop with the 
addition of lime until 5%, where they then start to increase until 11%. In order to see the 
relationships clearer the results have been graphed below. 
 
 
 
 
 
 
 
 
 
Addition of Lime
(%)
MDD
(t/m3)
OMC
(%)
1 2.157 9.2
3 2.188 8.8
5 2.215 8.6
7 2.153 9
9 2.139 9.2
11 2.125 9.9
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Figure 20: MDD Relationship 
 
 
 
Figure 21: OMC Relationship 
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Figure 22: Zero Air Voids Line 1-5% 
 
 
Figure 23: Zero air Voids 7-11% 
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Table 6 (page 30) sets out the requirements for compaction of the sub sample using standard 
3 layer compaction. In order to assess that an equal number of layers subject to a uniformly 
distributed load has been achieved the sample was split in half and measured. The compacted 
thickness of each layer must not vary by more than 5mm which was achieved as shown in 
the below figure. 
 
 
Figure 24: Standard Compaction Check 
 
 
5.6 Unconfined Compressive Strengths 
 
The unconfined compressive strengths were calculated as per RMS test method T131.  
Compressive strengths were conducted for soil-lime mixtures of 1, 3, 5, 7, 9 and 11%. The 
preparation of each sample for UCS testing was to target the density and optimum moisture 
contents as determined from RMS test method T130. This ensured that the Maximum Dry 
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Densities were being achieved and hence the UCS results would be indicative to what should 
be achieved in the field during construction. The target for each sample is shown in the 
below table with the resultant compressive strengths.  
 
 
Table 11: Unconfined Compressive Strength Results 
 
 
 
 
Figure 25: UCS Relationships 
 
Lime % UCS Target Density Density Target MC MC (%)
A 2.25 2.169 9.2
B 2.3 2.180 8.8
C 3.95 2.210 8.7
D 3.8 2.219 8.6
E 5.5 2.207 8.7
F 5.55 2.221 8.2
G 5.65 2.180 8.9
H 5.6 2.189 8.5
I 5.9 2.178 9.0
J 6.35 2.181 8.8
K 5.5 2.139 9.6
L 4.9 2.140 9.7
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As it can be seen in the above figure compressive strengths have shown an increase in 
strengths from 2.25 MPa at 1% lime addition up until 5.5 MPa at 5%. A negligible increase 
then occurs between 5% and 9% where the compressive strength then starts to decrease. 
Based on these results it can be expected, although unlikely to ever be used in reality that the 
strengths would continue to decrease after 11% lime additive due to the alteration in particle 
size distribution. The UCS results and calculation worksheets for each percentage of lime 
additive ca n be found in Appendix D. 
It can be seen above that all of the sample densities except for one met or exceeded that 
MDD as tested prior to the commencement of UCS testing. This ensures that the results have 
been tested at their optimum density values. In order to determine if these values are 
accurate, confidence values have been determined to be able to predict future results. Based 
on a 95% confidence level the confidence intervals have been calculated and displayed in the 
below table. 
 
 
Table 12: UCS Confidence Intervals 
 
 
 
 
Sample Mean (u)
Confidence 
Level
Z SD
Upper 
value
Lower 
value
Confidence 
Interval
1 2.275 95 1.96 0.035 2.32 2.23 0.10
3 3.875 95% 1.96 0.106 4.02 3.73 0.29
5 5.5 95% 1.96 0.000 5.50 5.50 0.00
7 5.625 95% 1.96 0.035 5.67 5.58 0.10
9 6.125 95% 1.96 0.318 6.57 5.68 0.88
11 5.2 95% 1.96 0.424 5.79 4.61 1.18
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Figure 26: Material Undergoing Compaction for UCS Testing 
 
 
5.7 Cost Benefit Analysis 
 
The Cost Benefit Analysis (CBA) has been undertaken by first itemising all the necessary 
costs associated with completing a lime stabilisation project. These items include the prices 
of materials, plant and equipment, establishment and transportation costs, operating 
expenses, staffing costs and utilities such as power and water. Additionally intangible costs 
such as time spent on the project, time lost due to wet weather and any contingencies have 
also been taken into consideration when developing the CBA. Project benefits such as 
income produced and interest accrued have not been taken into consideration for this CBA 
due to the nature of RMD MNC business unit. 
For the confidentiality of RMS and RMS subcontractors and suppliers, the individual item 
prices have not been included in this report. It shall be noted that many factors which have 
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not been included in this report can have an effect on the overall unit rate and therefore these 
rates may not be indicative of lime stabilisation in other regions apart from that in Mid North 
Coast, NSW.  
 
 
 
Figure 27: Lime Stabilisation Meters Squared Unit Rates 
 
 
The square meter cost analysis graph shown above clearly shows that with an increase in 
square meters of lime stabilisation the cheaper the unit rate becomes. This is due to a number 
of factors which are mainly influenced by establishment costs as these costs are charged 
independent of the production rate of a particular plant item. This means that a stabiliser 
could do 1000 m
2
 worth of stabilisation and still be charged the same establishment 
compared to it doing 5000 m
2
. Other factors which influence these results include traffic 
control set ups taking an equal amount of time to set up independent of the size of the work 
site and rates which suppliers charge i.e. ordering in bulk or large quantities will reduce the 
unit costs. 
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Figure 28: Lime Percentage Cost Comparison 
 
 
 
 
Figure 29: Lime Stabilisation Depth Comparison 
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The two graphs above, lime percentage and depth comparisons reveal that an almost linear 
relationship exists when determining the depth and amount of lime to be stabilising with. 
This is due to the time taken to stabilise being reduced only slightly with depth and quantity 
of lime, however increased material costs are incurred. The benefits that are associated with 
successfully implementing larger areas or targeted unit rates include: 
 Decreased construction time per m2 which enables work teams to accomplish 
projects elsewhere and hence increasing the overall efficiency of the project team; 
 increased production rates; 
 Portions of project management resources and costs can be allocated elsewhere; 
 Journey management for road users becomes less interrupted and hence customer 
satisfaction increases; 
 Improved project and company reputation. 
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CHAPTER 6  
 
DISCUSSION 
 
6.1 Materials 
 
Material properties are one of the largest factors in determining the result of lime 
stabilisation. It has been shown with the comparison of the case study to this research that 
significant outcomes can result when materials vary. With the imported gravel under 
laboratory testing conditions UCS results achieved on average greater than 2.5 MPa more 
than the field testing. In addition MDD results achieved on average 6% higher densities than 
those in the field. 
Lime’s ability to increase the strength in materials has been well demonstrated through the 
literature and the research, however the literature has not clearly identified what effects lime 
has on the overall particle size distribution of a soil. The particle size distribution of hydrated 
lime can vary significantly, as shown by Hassibi’s (2005) particle size analysis which 
displayed particles sizes ranging from 0.5 microns to 57.48 microns. This leads to possible 
future research in determining what effect lime has on the PSD of a soil. Furthermore, if lime 
is increasing the percentage of fines within a soil, can adding a non-reactive fine material to 
a soil increase its compressive strength whilst decreasing the need for high percentages of 
lime? 
 
 
6.2 Strength 
 
Test results from this research have indicated that strength will decrease once lime addition 
reaches greater than 9% however the likelihood of this occurring in the field as part of a base 
stabilisation would be extremely rare due to a number of reasons including: 
 Unnecessary costs for little return in performance characteristics; 
 Increased risk of cracks occurring; 
 Alterations in particle size distribution affecting MDD and UCS; 
 Increased risk of lime leaching. 
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The reason for such large variations between the laboratory testing and the case study is not 
definitively known, however there are a number of reasons which may contribute to the 
variance in results. One of these factors is the way in which the test methods are set out. For 
laboratory testing, samples need to be taken in a way that gathers a representative sample 
from various parts of the stockpile and then undergoes methods such as cone and quartering 
and riffling to ensure that the sub sample has a representative sample that reflects the particle 
size distribution of the stockpile. This does not occur in the field which may lead to areas of 
pavement layers that are fines deficient, have an excessive of fines, or vice versa for course 
material. The particle size distribution is of great importance to the overall performance and 
sustainability of the road pavement because incorrect PSD can alter the rate of reaction with 
binders, set unachievable or difficult to obtain densities and affect the overall strength and 
load bearing capacity. 
In addition to the possibility of the test methods giving results that do not reflect field testing, 
another factor that may have reduced the compressive strength of the stabilised base layer is 
the incorporation of the existing wearing surface. The majority of the existing wearing 
surface for the case study was s sprayed seal which had a number of layers and varied in 
thickness from 20mm to 25mm, with the exception of one test site which recorded a 50mm 
asphalt wearing course. These layers are typically comprised of a thin layer of bituminous 
binder which is sprayed onto a pavement surface and topped with a layer of aggregate 
making it impervious to water.  The reaction lime has to the wearing course once it has been 
pulverised as part of the stabilisation process has not been studied as part of this project, 
however it may be concluded that the aggregate from the wearing course is affecting the 
particle size distribution and plasticity of the parent material and hence having an adverse 
effect on the UCS results. 
 
 
6.3 Curing and Sustainability 
 
Curing of a stabilised area is critical for the sustainability of road pavements as it assists in 
achieving the required strength, ensuring adequate water is available for hydration reactions 
and to limit drying shrinkage. 
There are a number of factors which need to be considered when lime stabilising to ensure 
the long term sustainability of the road pavement, otherwise consequential impacts can 
occur. One of these factors is Carbonation, which is the chemical reaction where calcium 
hydroxide reacts with carbon dioxide to form calcium carbonate. Carbonation can cause 
large decreases in strength leading to rutting, cracking and shearing or pumping (Paige-
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Green, 1990).  In order to help prevent carbonation and extend the life of a pavement, 
precautions such as the following should take place during construction: 
 Decrease the overall construction timeframe by compacting the material 
immediately after stabilising; 
 Keep the material moist during curing to avoid wet/dry cycles; 
 Seal the stabilised area as quickly as practicably possible to reduce the exposure to 
the atmosphere and hence carbon dioxide. 
 
Furthermore, it is important not to add an excessive amount of water to the pavement in 
order to reduce the effects of carbonation otherwise leaching and delamination of the surface 
will occur. Leaching can be determined in accordance with AS4439.3, however this would 
result in tests giving conservative values due to the tested sample being loose and the road 
pavements being compacted. Nevertheless, leaching should be considered where stabilising 
around sensitive areas. 
 
6.4 Cost Analysis 
 
The cost benefit analysis has established estimate unit rates for particular lime stabilisation 
input values; quantity (m
2
), depth (m) and lime percentage (%). It is recognised that the 
ability to influence cost is highest in the early stages of the project life cycle, as seen in the 
below figure. This means that during development, the project manager has the ability to 
quite clearly see the financial consequences or gains by making pavement related alterations 
which may assist in the decision making process if more than one pavement design has been 
suggested. 
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Figure 30: Ability to influence Cost vs Actual Project Costs (Milestone, 2013) 
 
The largest benefit associated with lime stabilisation in the MNC district is the reduced unit 
rate when stabilising large areas of 4,000 m
2
, dropping to a unit rate of less than $50/m
2
. This 
ensures that with limited funding the greatest possible area can stabilised in a single project 
rather than targeting small isolated patches and also ensures that there is a consistency with 
wearing courses across the network. 
In addition, planning work in this fashion allows for a more productive work team from an 
annual works program perspective as the team are completing a project in full and not 
stopping and starting work with smaller patches stretched across the network. This also 
relates back to the financial benefits from a project management perspective as time can be 
allocated and spent planning and programming other projects rather than being stuck on 
small patching throughout the network. 
Benefits which are difficult to assign financial costs to are those that originate from the 
perspectives of customers using the road network. Project and company reputation are more 
than likely to be improved with the efficient planning that comes with stabilising large 
targeted areas as motorist journeys become less interrupted.   
 
 
6.5 Lime Stabilisation in Mid North Coast District 
 
The Oxley Highway where the majority of RMS MNC undertakes lime stabilisation for 
rehabilitation purposes has large changes in climatic conditions through the year. In winter 
temperatures can reach below 0 degrees Celsius whilst in summer temperatures can rise 
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above 30 degrees Celsius. This means that with the improved volume stability and enhanced 
freeze thaw, wet-dry characteristics that lime stabilisation provides an excellent solution to a 
sustainable road pavement, providing the compressive strengths of 3Mpa are achieved. 
This research has demonstrated that locally sourced gravel can be manipulated with the 
addition of hydrated lime to suit a large range of desired compressive strengths. Ranging 
from 2.25 MPa to 6.35 MPa, lime additive has confirmed that it can be used within the Mid 
North Coast district as a way to rehabilitate roads to gain increased pavement strength. This 
also ensures that pavements can be designed to possess the minimum required thickness in 
order to meet specific design criteria.   
RMD MNC has one dedicated construction crew who at times have large workloads and 
many projects to complete within specified time periods. For this reason, lime stabilisation 
suits the business unit’s needs as a quick and cost effective method of rehabilitating roads to 
ensure that resources can be utilised on other projects in a timely fashion. In addition, 
approximately 100 km’s of the network is flexible pavements with only 4 km’s considered 
not suitable for lime stabilised rehabilitation due to reasons such as residential areas, deep 
asphalt pavements and environmentally sensitive areas.  
 
 
6.6 Project Specification 
 
There are two points specified in the project specification which have not been met. The first 
is the undertaking of CBR testing which was planned at the commencement of the project. 
After discussions with Port Macquarie laboratory staff and information found in the 
literature review, it was deemed that CBR testing would add no beneficial value to the 
project as it is mainly used for subgrade and subbase strengths and the possibility of 
obtaining large and meaningless data was high. The other point is the test method T133 
Durability of Road Materials Modified or Stabilised by the addition of Cement was not 
completed due to the laboratory not having the correct equipment to perform this test. 
Alternatively, a cost benefit analysis has been completed which has not been outline in the 
project specification. 
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CHAPTER 7 
 
CONCLUSION 
 
 
7.1 Conclusion 
 
New South Wales has a large road network comprised of rigid and flexible pavements. 
Maintaining these networks is a constant challenge with a significant amount of funding 
allocated to maintaining this network to an acceptable standard which satisfies rate payers, 
residents and visitors. Road and Maritime Services use lime stabilisation to improve the 
pavement characteristics to increase the design life of a particular pavement. In order to 
accomplish this, a lot of investigation has revolved around how pavements behave however 
problems still exist. 
Due to the number of projects within the Mid North Coast district that have used varying 
percentages of lime for lime stabilisation projects, doubt has been cast over the effectiveness 
of using different percentages of lime. Although Mid North Coast is developing their 
understanding of lime stabilisation and the design process, problems still exist with 
construction processes and determining how to achieve long term strength gain in order to 
reach the required design life.  
This investigation involved adding lime additive to gravel which is continuously being used 
within the field to study the effects that it would have at different percentages. This was done 
by testing and analysing the maximum dry densities and unconfined compressive strengths 
and comparing them to a case study conducted on the Oxley Highway, Mid North Coast. 
However, this proved to be quite ineffective due to the range of factors which deteriorate the 
UCS strengths in the field and in particular the pavement design of the project. 
Unconfined Compressive Strength testing resulted in compressive strengths significantly 
rising with the addition of lime until 5% lime addition by mass, after which lime did not 
have much of an effect, only rising to a value of 5.9 MPa and 6.1MPa for 7% and 9% 
respectively, where the strengths then decreased at 11% back down to 5.2 MPa. The lowest 
value of 2.25 MPa stills meets the Austroads requirement of 2.0MPa to be considered a 
heavily bound material. 
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The Maximum Dry Densities showed an interestingly different trend to the UCS’s of 
increasing density until 5% where it achieved 2,215 kg/m
3
 and then significantly decreasing 
until 11% where it had decreased to 2,125 kg/m
3
. These results hint at the conclusion that 
lime additive may be acting as a fine particle within the soil composition after the 
agglomeration of clays and changing the fine particle distribution of the gravel; however this 
theory has not been tested in this research. 
Capillary rise testing needs to be conducted in the field to confirm the hypothesis, however 
with the UCS’s that have been achieved within the laboratory, it is believed that an 
impermeable base layer would be achieved and therefore will significantly maintain road 
pavements and the ability to retain strength and durability. This means that the targeted 20 
year design life should be achieved and/or exceeded. This has major cost saving benefits for 
RMD MNC and their Asset Clients by having pavements meeting and possibly exceeding 
design life as they do not have to rehabilitate pavements prematurely. 
The aim of this project was to assess the way in which lime reacts with locally sourced 
gravel which has shown a number of conclusions which would suggest that based on the 
UCS and MDD results that a lime additive addition by mass should not exceed 5%, as 
exceeding this number will decrease MDD’s and will not achieve any significant strength 
gains that are worth the cost of the additional lime. Further confirmation is need to determine 
if an addition of lime this high will promote pavement cracking and compromise the 
integrity of the pavement. 
 
 
7.2 Further Work 
 
There are a number of different avenues for further work which I would suggest. This is 
especially the case with the particle size distribution for gravel used as it seemed visually 
fines deficient and the addition of non-reactive fine particles may achieve similar results as a 
low percentage addition of lime. This would be a cost saving and increase the safety of 
workers by not being exposed to unnecessary amounts of lime additive. Suggestions would 
include adding 1, 3 and 5 percent fine particles and comparing this to the results from this 
research. Additionally, a mixture of non-reactive fine particles and lime is also 
recommended for future studies. 
Additionally studies regarding the swell potential of the gravel used in the Mid North Coast 
district are also recommended to gather an understanding of the cracking potential of the 
base layer when stabilised with high percentages of lime.  
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It would also be recommended that lime stabilised sites undergo UCS testing within the 
following 12 to 24 months from construction to confirm the strength relationships of 
different percentages of lime. It would be assumed that UCS strengths will increase in this 
time however this testing will provide a greater understanding of potential long term issues 
with lime stabilisation. 
 
  
 64 
 
CHAPTER 8  
 
REFERENCES 
 
Arvind, Kumar Jha. P.V. Sivapullaiah. (October 2015). ‘Susceptibility of strength 
development by lime in gypsiferous soil—A micro mechanistic study’. Applied Clay 
Science, Volume 115, Pages 39-50. 
Australian Bureau of Statistics (ABS), 2016, ‘Australian Demographic Statistics, Mar 2016’, 
viewed 14
th
 Sept 2016. < http://www.abs.gov.au/ausstats/abs@.nsf/mf/3101.0> 
Austroads  2006, ‘Guide to Pavement Technology Part 4D: Stabilising Material’, Austroads 
Incorporated , Sydney. Vol 1, no. 1, pp. 8-26.  
Austroads, 2009, ‘Guide to Pavement Technology Part 4L: Stabilising Binder Material’, 
Austroads Incorporated , Sydney.  Vol 1, no. 1, pp. 12-53. 
AustStab, 2010, ‘Technical Note – What is Lime?’, Vol 4, no.1, pp.1-3 
AustStab, 2012, ‘Technical Note – Cement Stabilisation Practice’, Vol 5, no.1, pp.1-10 
AustStab, 2014, ‘Technical Note – Quicklime and Hydrated Lime in Stabilisation’, Vol 9, 
no.1, pp.1-2 
AustStab, 2014, ‘Technical Note – Lime Stabilisation Fact Sheet’, Vol 10, no.1, pp.1 
AustStab, 2002, ‘Technical Note – Lime Stabilisation Practice’, Vol 1, no.1, pp.1-8 
Ciancio, D. Beckett, C.T.S. Carraro, J.A.H, 2014, ‘Optimum lime content identification for 
lime-stabilised rammed earth’. Construction and Building Materials’, Vol 53, pp. 59-
65 
Evans, P. Smith, W. Vorobieff, G. N.d, ‘Rethink of the Design Philosophy of Lime 
Stabiliation’, Vol 1, PP. 1-9  
Foth, M & Haichert, R & Guenther, D &Berthlot, C., 2011, ‘Sustainable case study review 
of using recycled aggregate in road structures’, Proceedings of the conference, 
Transport Association, Edmonton, Canada.  
 65 
 
Freer-Hewish, R.J., Ghataora, G.S. & Holt, C.C., 1998, ‘The use of lime treated british clay 
in pavement constructions. Part 1: The effect on mellowing on the modification 
process’. Proceedings of the Institute of Civil Engineers,129(4): 228-239. 
Global Road Technology (GRT), (2016). ‘Attenburg limits are very important. Dust control 
in soil stabilisation’, Viewed 10th September, 
https://globalroadtechnology.com/atterberg-limits/ 
Hassibi, M., 2005, ‘A new approach for particle size reduction in lime slaking and wet 
limestone grinding’, Chemco Systems, L.P. Vol 1 pp.2 
Hiway Stabilizers, 2014, ‘Toowoomba Cecil Plains Rd-Foam Bitumen-Current’, Hiway 
Stabilizers Australia Pty Ltd. Viewed 10 September 2016, 
<http://www.hiways.com.au/recent-projects/toowoomba-cecil-plains-rd>  
Klotz, L & Grant, D, 2009, ‘A Balanced View of Sustainability in Civil Engineering and 
Construction’, Proceedings of the 2009 Construction Research Congress: Building a 
Sustainable Future, April 2009, Seattle, USA.  
Little, DN, 1995, ‘Handbook for Stabilization of Pavement Subgrades and Base Courses 
with Lime’, Kendall/Hunt Publishing Company, USA 
Matthews, S., n.d, ‘Control of Reflective Cracking’. Cement & Concrete Association of 
Australia.  
Milestone, 2013, ‘An owner’s representative is guardian of the budget’, Milestone Partners, 
Charlottesville VA, viewed 1
st
 October 2016, 
<http://www.milestonepartners.co/services/owner-representation/budget-guardian> 
O’Callaghan, A., 2014 ‘An Analysis of Roadbase Materials used in Foam Bitumen 
Stabilisation’, University of Southern Queensland, Aus. pp. 34 
Paige-Green., P. Netterberg, F., Sampson, L R., 1990, ‘The carbonation of chemically 
stabilised road construction materials:Guide to it identification and treatment’, 
Division of Roads and Transport Technology, vol 1, pp. 1-33 
Pavement Interactive, 2008, ‘Pavement History’, Pavia Systems. Viewed 18th September, 
<http://www.pavementinteractive.org/article/pavement-history> 
Roads and Maritime Services (RMS), 2012, ‘Risk Management Procedure’, RMS WHS 
Procedure, vol 2, Sydney, NSW, Australia 
Roads and Maritime Services (RMS), 2012, ‘Test method T105 – Preparation of samples for 
testing (Soils)’, RMS,  Sydney, NSW, Australia 
 66 
 
Roads and Maritime Services (RMS), 2012, ‘Test method T106 – Coarse particle size 
distribution of road construction materials (By dry sieving)’, RMS, Sydney, NSW, 
Australia 
Roads and Maritime Services (RMS), 2012, ‘Test method T107 – Fine particle size 
distribution of road construction materials’, RMS, Sydney, NSW, Australia 
Roads and Maritime Services (RMS), 2012, ‘Test method T108 – Liquid limit of road 
materials’, RMS, Sydney, NSW, Australia 
Roads and Maritime Services (RMS), 2012, ‘Test method T109 – Plastic limit and plasticity 
index of road construction materials’, RMS, Sydney, NSW, Australia 
Roads and Maritime Services (RMS), 2012, ‘Test method T130 – Dry Density-Moisture 
Relationship for Mixtures of Road Construction Materials (blended in the laboratory 
with Cementitious Binders)’, RMS, Sydney, NSW, Australia 
Roads and Maritime Services (RMS), 2012, ‘Test method T131 – Unconfined Compressive 
Strength of Road Construction Materials (blended in the laboratory with Cementitious 
Binders), RMS, Sydney, NSW, Australia 
Roads and Maritime Services (RMS), 2012, ‘Test method T144 – Determintation of the Lime 
Saturation Point of Roadmaking Materials by the pH Method, RMS, Sydney, NSW, 
Australia 
Roads and Maritime Services (RMS), 2013, ‘B-triple network expanded to Newell Highway’, 
media release, 31 July 2013, Office of Minister for Roads and Ports. Viewed 9 April 
2016, <http://www.rms.nsw.gov.au/about/news-events/news/ministerial/2013/130731-
b-triple-network.html>  
Roads and Maritime Services (RMS), 2013, ‘Construction of Unbound and modified 
Pavement Course’, RMS QA Specification R71, Sydney, NSW, Australia 
Roads and Maritime Services (RMS), 2013, ‘Construction of Plant Mixed Heavily Bound 
Pavement Course’, RMS QA Specification R73, Sydney, NSW, Australia 
Roads and Maritime Services (RMS), 2013, ‘Insitu Pavement Stabilisation using Slow 
Setting binders’, RMS QA Specification R75, Sydney, NSW, Australia 
Roads and Maritime Services (RMS), 2014, ‘Granular Base and Subbase Materials for 
Surfaced Road Pavementss’, RMS QA Specification 3051, Sydney, NSW, Australia 
Roads and Maritime Services (RMS), 2015, ‘Pavement Design Approval Form – Churchill’s 
and O’Neills Creek’, RMS, Grafton, NSW 
 67 
 
Roads and Maritime Services (RMS), 2016, ‘Pacific Highway’, RMS, Sydney, NSW, 
Australia, viewed 2
nd
 August 2016, <http://www.rms.nsw.gov.au/projects/pacific-
highway> 
Sharma, R.S., Phanikumar, B.R. & Varaprasada Rao, B., 2008, ‘Engineering behaviour of 
remolded expansive clay blended with lime, calcium chloride and rice-husk ash’, 
Journal of Materials in Civil in Engineering 20(8):509-516. 
Thorpe, D, 2013, ‘Evaluating Factors in Sustainable Road Construction and Management’, 
Australian Centre for Sustainable Business and Development Working Paper, 
University of Southern Queensland.  
Toleman, R, Rose, G 2008, ‘Partnerships for Progress – Toward Sustainable Road Systems’, 
Journal of the Transportation Research Board, no.18, pp. 155-163. 
 
 
  
 68 
 
APPENDIX A 
 
PROJECT SPECIFICATION 
 
ENG4111/4112 Research Project 
Project Specification 
For:  Jarred Kohler 
Title:  Soil Stabilisation for Road Pavements 
Major:  Civil Engineering 
Supervisor:  Andreas Nataatmadji 
Enrolment: ENG4111 – EXT S1, 2016 
  ENG4112 – EXT S2, 2016 
Project Aim:  To investigate the way gravels which are sourced locally, react with various 
binders in order to achieve an understanding that can be applied by local industries to better 
predict the service life of a road pavement. 
 
Program: Issue B, 7
th 
April 2016 
 Analyse present and existing literature through a literature review to determine and 
establish the limits of research into this field. 
 Examine current standards and specifications to gain further understanding of the 
testing procedures and requirements. 
 Source materials and testing facilities. 
 Undertake RMS Test Methods T105, T108, T109, T111 and T116 of sourced gravel 
and compare to supplied test certificates supplied by material supplier to double 
check gravel compliance to RMS standards. 
 Review RMS Test Method T105 – Preparation of samples for testing (Soils). This 
test method sets out the procedures to prepare soil samples, including materials to be 
blended in the laboratory with binders. 
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 Undertake RMS Test Method T130 – Dry density/moisture relationship of road 
construction materials (Blended in the laboratory with cementitious binders), with 
reference to T105. This test method sets out the procedure to determine the 
relationship between moisture content and dry density of road construction materials 
with blended cementitious binders. 
 Undertake RMS Test Method T131 – Unconfined compressive strength of road 
construction materials (Blended in the laboratory with cementitious binders), with 
reference to T105.  
 Undertake RMS Test Method T132 – Determination of the California bearing ratio 
of road materials modified or stabilised with proportions of cement, lime or other 
cementitious materials. It is noted that this method is not applicable to heavily bound 
materials due to the high resistance to penetration usually exhibited by such 
materials. 
 Undertake RMS Test Method T133 – Durability of road materials modified or 
stabilised by the addition of cement.  
 Evaluate results observed and recorded during testing phase of project. 
 Develop a graphical comparison of the data to present the variations in results for 
different binders. 
 Write dissertation. 
If time permits: 
 Undertake testing on sourced binders to compare with supplied test certificates and 
ensure there compliance with RMS standards. 
 
 
 
 
  
 70 
 
APPENDIX B 
 
LABORATORY SAFETY 
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APPENDIX C  
 
CASE STUDY CERTIFICATES 
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